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*UDVVKRSSHUV H[KLELW KDELWDW VHOHFWLRQ RQ D
YDULHW\ RI VSDWLDO DQG WHPSRUDO VFDOHV 6DPZD\V
DQG 6HUJHHY  $W WKH EURDGHVW VFDOH VRPH
PLJUDWH KXQGUHGV RI NLORPHWHUV RYHU WKH FRXUVH RI
RQH RU PRUH ZHHNV LQ UHVSRQVH WR FKDQJHV LQ
KDELWDW TXDOLW\ )DUURZ  $W D VPDOOHU VFDOH
JUDVVKRSSHUV W\SLFDOO\ PRYH VHYHUDO PHWHUV SHU
GD\ UHVSRQGLQJ WR WKH GLVWULEXWLRQ RI IRRG PDWHV
RYLSRVLWLRQ VLWHV DQG VXLWDEOH PLFURFOLPDWHV
-RHUQ  6PLWK DQG *URGRZLW]  :LWK
 2WKHU DGDSWLYH PRYHPHQWV DUH OLNHO\ WR
RFFXU UDSLGO\ RYHU VSDWLDO VFDOHV RI VHYHUDO
FHQWLPHWHUV DQG LQWHUYDOV RI VHYHUDO VHFRQGV
&RQVWUDLQWV GXH WR PLFURFOLPDWLF KHWHURJHQHLW\
PD\ IRUFH JUDVVKRSSHUV WR UHVSRQG WKLV UDSLGO\ LI
WKH\ DUH WR DSSURDFK RU DWWDLQ SUHIHUUHG ERG\
WHPSHUDWXUHV DQG DYRLG VWUHVVIXO WHPSHUDWXUHV
&KDSSHOO DQG :KLWPDQ  %HKDYLRUDO
UHVSRQVHV WR WHPSHUDWXUH PXVW EH G\QDPLF
EHFDXVH WKH ORFDWLRQ RI IDYRUDEOH PLFURKDELWDWV
YDULHV GXULQJ WKH GD\ ZLWK HQYLURQPHQWDO
WHPSHUDWXUHV WKH LQFLGHQW DQJOH DQG LQWHQVLW\ RI
VRODU UDGLDWLRQ ZLQG VSHHG KXPLGLW\ DQG
SHUKDSV ZLWK YDU\LQJ WKHUPDO UHTXLUHPHQWV RI
WKH JUDVVKRSSHUV WKHPVHOYHV +RZHYHU DOWKRXJK
PLFURFOLPDWLF YDULDWLRQ PD\ FRQVWUDLQ
JUDVVKRSSHUV SDWFK\ WKHUPDO HQYLURQPHQWV DOVR
SUHVHQW WKHP ZLWK QXPHURXV RSWLRQV IRU
UHJXODWLQJERG\WHPSHUDWXUH
%HKDYLRUDO WKHUPRUHJXODWLRQ ZDV H[DPLQHG LQ WKH
JUDVVKRSSHU Melanoplus sanguinipes )
2UWKRSWHUD $FULGLGDH 6HYHUDO SUHYLRXV VWXGLHV
RI WKLV VSHFLHV H[DPLQHG LWV EHKDYLRUDO UHVSRQVHV
WR PLFURFOLPDWH DQG UHFRUGHG ERG\ WHPSHUDWXUHV
LQ ERWK WKH ODE /DFWLQ DQG -RKQVRQ D E
E  6DPLHW] HW DO  DQG ILHOG
&KDSSHOO  .HPS  2¶1HLOO  2¶1HLOO
HW DO  +RZHYHU WKH VKRUWWHUP G\QDPLFV RI
EHKDYLRUDO WKHUPRUHJXODWLRQ RI JUDVVKRSSHUV
ZKHUH UHVSRQVHV RFFXU RYHU LQWHUYDOV RI OHVV WKDQ
VHYHUDO PLQXWHV KDYH EHHQ OLWWOH VWXGLHG LQ WKH
ILHOG ,Q DGGLWLRQ DOWKRXJK SUHYLRXV ILHOG VWXGLHV
KDYH GRFXPHQWHG ERG\ WHPSHUDWXUHV DWWDLQHG E\
M. sanguinipes LQ WKH ILHOG HJ &KDSSHOO 
.HPS  WKH HIIHFWLYHQHVV RI
WKHUPRUHJXODWLRQ KDV QRW EHHQ HYDOXDWHG UHODWLYH
WR DQ LQGHSHQGHQW DVVHVVPHQW RI WKH SUHIHUUHG
ERG\ WHPSHUDWXUH DQ DSSURDFK UHFRPPHQGHG E\
+HUW] HW DO  2XU JRDO WKHUHIRUH ZDV WR
GHWHUPLQH LI DQG ZKHQ EHKDYLRUV H[KLELWHG LQ WKH
ILHOG DOORZHG DGXOW M. sanguinipes WR DFKLHYH
ERG\ WHPSHUDWXUHV ZLWKLQ WKHLU SUHIHUUHG UDQJH
)LUVW D ODERUDWRU\ WKHUPDO JUDGLHQW ZDV XVHG WR
GHWHUPLQH WKH SUHIHUUHG VHWSRLQW ERG\
WHPSHUDWXUH RI DGXOWV 7KH VKRUWWHUP EHKDYLRUDO
UHVSRQVHV RI DGXOWV WR PLFURFOLPDWH KHWHURJHQHLW\
ZHUH WKHQ H[DPLQHG LQ WKH ILHOG )LQDOO\ ERG\
WHPSHUDWXUHV DWWDLQHG E\ JUDVVKRSSHUV LQ WKH ILHOG
ZHUH PHDVXUHG E\ GHWHUPLQLQJ WKH RSHUDWLYH ERG\
WHPSHUDWXUHV RI JUDVVKRSSHU PRGHOV SODFHG LQ WKH
UDQJH RI ORFDWLRQV SRVWXUHV DQG RULHQWDWLRQV WKDW
KDG EHHQ REVHUYHG LQ WKH ILHOG :KHWKHU
YHJHWDWLRQ VWUXFWXUH LQIOXHQFHG WKH DELOLW\ RI
JUDVVKRSSHUV WR UDLVH ERG\ WHPSHUDWXUH LQ WKH
PRUQLQJ DQG WR DYRLG RYHUKHDWLQJ LQ WKH
DIWHUQRRQZDVDOVRH[DPLQHG
0DWHULDOVDQG0HWKRGV
3UHIHUUHGERG\WHPSHUDWXUHV
$ ODERUDWRU\ WKHUPDO JUDGLHQW ZDV XVHG WR
GHWHUPLQH SUHIHUUHG ERG\ WHPSHUDWXUHV RI DGXOW
M. sanguinipes. 7KH DGYDQWDJH RI PHDVXULQJ
SUHIHUUHG ERG\ WHPSHUDWXUHV LQ WKH ODERUDWRU\
UDWKHU WKDQ LQ WKH ILHOG LV WKDW WKH JUDVVKRSSHUV
DUH PRUH OLNHO\ WR VHOHFW ERG\ WHPSHUDWXUHV
LQGHSHQGHQWO\ RI FRQVWUDLQWV IDFHG LQ WKH ILHOG
VXFK DV SUHGDWLRQ DQG WKH XQVXLWDELOLW\ RI
WUDQVLWLRQDO PLFURKDELWDWV GXULQJ WKHLU
PRYHPHQWV &KDSSHOO DQG :KLWPDQ  +HUW]
HW DO  7KH WKHUPDO JUDGLHQW FRQVLVWHG RI
IRXU SDUDOOHO  [  [  FP WKLFN DOXPLQXP
EDUV WKH HQGV RI ZKLFK UHVWHG XSRQ WZR VTXDUH LQ
FURVVVHFWLRQ  FP ZLGH KROORZ DOXPLQXP
WXEHV RULHQWHG SHUSHQGLFXODU WR WKH ORQJ D[LV RI
WKH EDUV WKUHH RI WKHVH EDUV ZHUH XVHG LQ WKLV
VWXG\ :DWHU IURP D KRW ZDWHU EDWK ZDV SXPSHG
LQ D ORRS WKURXJK WKH WZR WXEHV EHQHDWK RQH HQG
RI WKH EDUV ZKLOH ZDWHU IURP D FROG EDWK ZDV
SXPSHG WKURXJK WKH WXEHV DW WKH RWKHU HQG 7KH
VXUIDFH WHPSHUDWXUH RI EDUV 7%$5 ZDV PHDVXUHG
ZLWK  PP GLDPHWHU WKHUPRFRXSOHV WDSHG
± FP DSDUW WR WKH FHQWHU WRS RI HDFK EDU
7%$5 UDQJHG IURP ±& DW WKH FROG HQGV RI
WKH WKUHH EDUV WR ±& DW WKH KRW HQGV ,Q
OLQHDU UHJUHVVLRQV RI WKH UHODWLRQVKLS RI ORFDWLRQ
RQ WKH EDU WR 7%$5 WKH U ZDV ± (DFK
EDU ZDV HQFORVHG ZLWKLQ D  FP KLJK FOHDU SODVWLF
FRYHU WKDW FRQILQHG WKH JUDVVKRSSHUV DQG
VWDELOL]HG WHPSHUDWXUH WKH HQWLUH DSSDUDWXV VDW
ZLWKLQ D ODUJHU RSDTXH HQFORVXUH ([FHSW GXULQJ
REVHUYDWLRQ ZKHQ WKH EDUV ZHUH LOOXPLQDWHG E\
UHG OLJKW JUDVVKRSSHUV ZHUH LQ FRPSOHWH GDUNQHVV
WR PLQLPL]H RXWVLGH GLVWXUEDQFH RU RULHQWDWLRQ WR
DQ H[WHUQDO OLJKW VRXUFH 3ULRU WR LQWURGXFLQJ
JUDVVKRSSHUV WR WKH JUDGLHQW ZH IHG WKHP ad lib
RYHUQLJKW RQ 5RPDLQH OHWWXFH DQG ZKHDW EUDQ LQ D
&LQFXEDWRU
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ERG\ WHPSHUDWXUHV RI JUDVVKRSSHUV RQ WKH
JUDGLHQW )LUVW DIWHU HQFORVLQJ ± DGXOW
JUDVVKRSSHUV RQ HDFK EDU WKH SRVLWLRQ RI DOO
JUDVVKRSSHUV RQ WKH JUDGLHQW ZDV UHFRUGHG HYHU\
 PLQ IRU  K HDFK UHFRUGLQJ SHULRG ODVWLQJ 
PLQ 0DOHV DQG IHPDOHV ZHUH SODFHG RQ VHSDUDWH
EDUV VR WKDW VH[XDO LQWHUDFWLRQV ZRXOG QRW
LQWHUIHUH ZLWK WKHUPRUHJXODWRU\ UHVSRQVHV 7KH
SRVLWLRQV RI JUDVVKRSSHUV WKDW ZHUH VWDWLRQDU\ RQ
WKH VXUIDFH RI EDUV ZHUH UHFRUGHG EXW WKH
SRVLWLRQV RI WKH IHZ JUDVVKRSSHUV WKDW KDG PRYHG
WR WKH VLGH RU WRS RI WKH FOHDU SODVWLF HQFORVXUH
ZHUH QRW UHFRUGHG 6HFRQG UHJUHVVLRQV RI 7%$5
ZLWK GLVWDQFH DORQJ WKH JUDGLHQW ZHUH XVHG WR
HVWLPDWH 7%$5 DW WKH H[DFW SRVLWLRQ RFFXSLHG E\
HDFK JUDVVKRSSHU EHQHDWK WKH FHQWHU RI LWV
WKRUD[ 7KLUG WKH ERG\ WHPSHUDWXUH RI
JUDVVKRSSHUV ZDV HVWLPDWHG DW GLIIHUHQW ORFDWLRQV
E\ GHWHUPLQLQJ WKH UHODWLRQVKLS EHWZHHQ 7%$5
DQG RSHUDWLYH ERG\ WHPSHUDWXUHV 7(R I
JUDVVKRSSHUV RQ WKH JUDGLHQW 7( LV DQ HVWLPDWH RI
WKH ERG\ WHPSHUDWXUH WKDW DQ DQLPDO DFKLHYHV
ZKHQ PHWDEROLF KHDW JDLQ DQG HYDSRUDWLYH KHDW
ORVV DUH LQVLJQLILFDQW %DNNHQ  ZKLFK LV
OLNHO\ WKH FDVH IRU QRQIO\LQJ JUDVVKRSSHUV QRW
XQGHU WKHUPDO VWUHVV 7( RI GHDG GULHG M.
sanguinipes SODFHG RQ WKH JUDGLHQWV LQ WKH VDPH
SRVWXUH DGRSWHG E\ WKH OLYH JUDVVKRSSHUV ZDV
PHDVXUHG DIWHU LQVHUWLQJ D  PP GLDPHWHU
WKHUPRFRXSOH LQWR WKH FHQWHU RI WKH WKRUD[ RI HDFK
JUDVVKRSSHU DQG JOXLQJ LW LQ SODFH (DFK ³PRGHO´
ZDV SODFHG GLUHFWO\ RYHU D WKHUPRFRXSOH WDSHG WR
WKH JUDGLHQW DQG LWV WHPSHUDWXUH ZDV UHFRUGHG
DIWHU  PLQ ZLWK WKH FRYHUV LQ SODFH WKH
WHPSHUDWXUH RI DOO PRGHOV KDG VWDELOL]HG E\ 
PLQ 7KLV ZDV UHSHDWHG XQWLO HDFK PRGHO KDG EHHQ
SODFHG DW HYHU\ WKHUPRFRXSOH ORFDWLRQ RQ WKH
JUDGLHQW
)LQDOO\ WR FKDUDFWHUL]H WKH SUHIHUUHG ERG\
WHPSHUDWXUH UDQJH WKH SURFHGXUH RI +HUW] HW DO
 ZDV DGRSWHG IRU FDOFXODWLQJ WKH VHW SRLQW
UDQJH 76(7 DV WKH LQWHUTXDUWLOH UDQJH RI WKH
HVWLPDWHG ERG\ WHPSHUDWXUHV RI OLYH JUDVVKRSSHUV
RQ WKH JUDGLHQW 2XWOLHUV DIIHFW WKH LQWHUTXDUWLOH
UDQJH OHVV WKDQ WKH\ ZRXOG D PHDQ SUHIHUUHG
WHPSHUDWXUH 7KH XVH RI WKH FHQWUDO  LV
FRPPRQ HJ &KULVWLDQ DQG %HGIRUG 
DOWKRXJK DOWHUQDWLYHV KDYH EHHQ XVHG HJ 
E\ 'LD] >@ WKH LQIOXHQFH RI WKH FKRLFH RI
UDQJHV RQ WKH LQWHUSUHWDWLRQ RI UHVXOWV ZLOO EH
DGGUHVVHG LQ WKH GLVFXVVLRQ 9DULDQFH RI 7( ZDV
ORZHVW DW WKH KRXU  REVHUYDWLRQ SHULRG %DUWOHWW¶V
7HVW RI +RPRJHQHLW\ RI 9DULDQFH 3   VR
WKRVH GDWD ZHUH XVHG WR FDOFXODWH 76(7 7 K H
YDULDQFH RI SRVLWLRQV RQ WKH JUDGLHQW LQFUHDVHG
DIWHU WKH ILUVW KRXU EHFDXVH VRPH RI WKH
JUDVVKRSSHUV EHJDQ WR ZDQGHU SHUKDSV LQ VHDUFK
RIIRRG
%HKDYLRUDOREVHUYDWLRQVLQWKHILHOG
'XULQJ -XQH±$XJXVW ± M. sanguinipes
ZHUH REVHUYHG  NP VRXWK RI 7KUHH )RUNV
0RQWDQD 86$ ODWLWXGH  
 1 ORQJLWXGH

 : HOHYDWLRQ  P WKH VDPH VLWH IURP
ZKLFK JUDVVKRSSHUV SODFHG RQ WKH JUDGLHQW ZHUH
FROOHFWHG 7KH SDVWXUH ZDV GRPLQDWHG E\ FUHVWHG
ZKHDWJUDVV Agropyron cristatum / *DHUWQ 7R
FKDUDFWHUL]H JUDVVKRSSHU EHKDYLRU ZLWKLQ
GLIIHUHQW YHJHWDWLYH VWUXFWXUHV DOO REVHUYDWLRQV
ZHUH PDGH RQ WZR FRQWLJXRXV EXW
GLIIHUHQWLDOO\JUD]HG SORWV HDFK  [  P VHH
2¶1HLOO HW DO  IRU VLWH GHVFULSWLRQV )URP
± RQH SORW ZDV LQWHQVLYHO\ JUD]HG LQ
-XQH VR WKDW YHJHWDWLRQ ZDV DW D ORZ XQLIRUP
KHLJKW 7KH VRLO VXUIDFH EHWZHHQ FOXPSV RI JUDVV
ZDV PRVWO\ IUHH RI SODQW OLWWHU VR LW ZDV PRUH
H[SRVHG WR GLUHFW VRODU UDGLDWLRQ %HFDXVH WKH
RWKHU SORW KDG EHHQ OHIW XQJUD]HG DIWHU 
VWDQGLQJ YHJHWDWLRQ ZDV GHQVH DQG WDOO DQG PRVW
EDUH VSRWV EHWZHHQ WKH JUDVV FOXPSV DFFXPXODWHG
D GHQVH PDW RI SODQW OLWWHU ,Q RUGHU WR PRQLWRU
EHKDYLRU XQGHU D JUHDWHU YDULHW\ RI HQYLURQPHQWDO
FRQGLWLRQV REVHUYDWLRQV ZHUH DOWHUQDWHG EHWZHHQ
WKH WZR SORWV %HFDXVH QR GLIIHUHQFHV ZHUH IRXQG
LQ WKH W\SHV RI EHKDYLRU H[KLELWHG E\ JUDVVKRSSHUV
LQ WKH WZR SORWV GDWD IURP XQJUD]HG DQG JUD]HG
DUHDV ZHUH FRPELQHG IRU SXUSRVH RI DQDO\VLV $OO
REVHUYDWLRQV ZHUH FRQGXFWHG ZKHQ ZLQG VSHHGV
ZHUH ORZ DQG ZKHQ FORXGV GLG QRW REVFXUH WKH
VXQ
7KH REVHUYDWLRQDO PHWKRGV XVHG ZHUH VLPLODU WR
WKRVH RI $QGHUVRQ HW DO  DQG ZHUH GHVLJQHG
WR LQGXFH JUDVVKRSSHUV WR FKDQJH WKHLU ORFDWLRQ LQ
WKH KDELWDW DQG UHDFW WR WKH PLFURFOLPDWH LQ WKHLU
QHZ ORFDWLRQ $Q REVHUYHU ZDONHG VORZO\ WKURXJK
D SORW XQWLO D VWDWLRQDU\ JUDVVKRSSHU ZDV ORFDWHG
DQG IOXVKHG $IWHU LW ODQGHG WKH JUDVVKRSSHU ZDV
REVHUYHG FRQWLQXRXVO\ IRU  PLQ 6WHSV ZHUH
WDNHQ WR UHGXFH WKH OLNHOLKRRG WKDW WKH ILQDO
ORFDWLRQ RI WKH JUDVVKRSSHU ZDV QRW D WUDQVLWLRQDO
DUHD RU RQH FKRVHQ E\ WKH JUDVVKRSSHU IRU
UHDVRQV HJ IRU PDWLQJ IHHGLQJ RU SUHGDWRU
DYRLGDQFH WKDW PLJKW FRQIOLFW DW OHDVW
WHPSRUDULO\ ZLWK WKHUPRUHJXODWLRQ 2EVHUYDWLRQV
RQ D SDUWLFXODU LQGLYLGXDO ZHUH GLVFDUGHG LI WKH
JUDVVKRSSHU  PRYHG WR D QHZ ORFDWLRQ GXULQJ
WKH ODVW  VHFRQGV RI WKH WZRPLQXWH SHULRG 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DSSDUHQWO\ GLVWXUEHG E\ WKH REVHUYHU GXULQJ WKH
WZR PLQXWHV LH MXPSHG DZD\ IROORZLQJ DQ\
DEUXSWPRYHPHQWE\WKHREVHUYHU
7R FKDUDFWHUL]H WKH WKHUPDO HQYLURQPHQW
H[SHULHQFHG E\ HDFK JUDVVKRSSHU VRLO VXUIDFH 76
DQG DLU WHPSHUDWXUHV ZHUH PHDVXUHG XVLQJ
&ROH3DUPHU 'LJL6HQVH WKHUPRPHWHUV DQG
 PP GLDPHWHU WKHUPRFRXSOHV VKDGHG DW WKHLU
WLSV IURP GLUHFW VRODU UDGLDWLRQ 76 ZDV UHFRUGHG
DW WKH HQG RI HDFK WZRPLQXWH REVHUYDWLRQ DOZD\V
RQ WKH VXUIDFH RI WKH SDWFK RI IXOO\LQVRODWHG VRLO
FORVHVW WR WKH ILQDO SRVLWLRQ RI WKH JUDVVKRSSHU $LU
WHPSHUDWXUH 77; ZDV PHDVXUHG DW WKH WKRUDFLF
KHLJKW RI HDFK JUDVVKRSSHU DW LWV H[DFW SRVLWLRQV DW
WKH EHJLQQLQJ DQG HQG RI WKH WZRPLQXWH SHULRG
7KH JUDVVKRSSHU¶V LQLWLDO DQG ILQDO KHLJKW DERYH
WKH VRLO VXUIDFH ZDV UHFRUGHG DV ZHOO DV ZKHWKHU
WKH JUDVVKRSSHU H[SHULHQFHG IXOO LQVRODWLRQ IXOO
VKDGH RU SDUWLDO VKDGH LH DQ\ GHJUHH RI
VKDGLQJ 'XULQJ WKH WZR PLQXWH REVHUYDWLRQ WKH
IROORZLQJ GDWD ZHUH DOVR UHFRUGHG  WKH WRWDO
OLQHDU GLVWDQFH ERWK KRUL]RQWDO DQG YHUWLFDO WKDW
WKH JUDVVKRSSHU PRYHG DIWHU LW DOLJKWHG IROORZLQJ
IOXVKLQJ  WKH QXPEHU RI VWRSV LW PDGH EHIRUH
UHPDLQLQJ VWDWLRQDU\ IRU DW OHDVW  V DW WKH HQG RI
WKH REVHUYDWLRQ  LWV ERG\ SRVWXUH FURXFKHG
QRUPDO RU VWLOWHG DQG  WKH RULHQWDWLRQ RI LWV
ORQJLWXGLQDO D[LV LQ WKH KRUL]RQWDO SODQH /$+
DQG YHUWLFDO SODQHV UHODWLYH WR WKH SRLQW RQ WKH
KRUL]RQ DERYH ZKLFK WKH VXQ ZDV ORFDWHG :KHQ
LQ D FURXFKHG SRVWXUH D JUDVVKRSSHU SUHVVHG WKH
YHQWHU RI LWV WKRUD[ DQG DEGRPHQ DJDLQVW WKH
VXEVWUDWH ZKHUHDV D VWLOWLQJ JUDVVKRSSHU
H[WHQGHG LWV OHJV DQG HOHYDWHG LWV WKRUD[ DQG
DEGRPHQ ZHOO DERYH WKH VXEVWUDWH $ JUDVVKRSSHU
SHUFKHG DW  /$+ IDFHG WKH SRVLWLRQ RQ WKH
KRUL]RQ GLUHFWO\ EHORZ WKH ORFDWLRQ RI WKH VXQ
ZKHUHDV RQH SHUFKHG DW  IDFHG GLUHFWO\ DZD\
$W  RU  LWV ORQJLWXGLQDO D[LV ZDV
SHUSHQGLFXODU WR WKH VXQ¶V UDGLDWLRQ WKXV
PD[LPL]LQJ WKH WRWDO ERG\ VXUIDFH DUHD H[SRVHG WR
GLUHFW VRODU UDGLDWLRQ WKLV LV UHIHUUHG WR DV
³IODQNLQJ EHKDYLRU´ E\ VRPH DXWKRUV HJ
6DPLHW] HW DO  /DFWLQ DQG -RKQVRQ 
GHWHUPLQHG WKDW GLUHFW EXW QRW GLIIXVH UDGLDWLRQ
KDG D VLJQLILFDQW HIIHFW RQ WKH ERG\ WHPSHUDWXUH
RI M. sanguinipes $OO RWKHU RULHQWDWLRQV ZHUH
UHFRUGHG DV HLWKHU   RU  )RU
SXUSRVH RI DQDO\VLV WKH HLJKW RULHQWDWLRQV ZHUH
JURXSHG LQWR WKUHH IXQFWLRQDO FDWHJRULHV  a
 DQG  RULHQWDWLRQV   IDFLQJ WRZDUGV RU
DZD\ IURP WKH VXQ  a  DQG   
EDVNLQJ RULHQWDWLRQV DQG  a DOO RWKHUV
&KLVTXDUH DQDO\VHV ZHUH XVHG WR GHWHUPLQH LI WKH
IUHTXHQF\ GLVWULEXWLRQV RI JUDVVKRSSHUV DGRSWLQJ
GLIIHUHQW EHKDYLRUV YDULHG ZLWK PLFURFOLPDWLF
FRQGLWLRQV DV LQGLFDWHG E\ 76 LQ WKH IXOO VXQ ZLWK
REVHUYDWLRQV JURXSHG LQWR & FDWHJRULHV 7KH
UHODWLRQVKLS RI 76 WR SHUFK KHLJKW DQG WKH 77;
H[SHULHQFHG ZDV H[DPLQHG XVLQJ .UXVNDO:DOOLV
DQDO\VHV 76 UDWKHU WKDQ WLPH RI GD\ ZDV XVHG LQ
WKHVH DQDO\VHV EHFDXVH LW LV D JRRG RYHUDOO
VXPPDU\ RI PLFURFOLPDWH FRQGLWLRQV DQG LW LV
VWDEOH UHODWLYH WR 7$ ,Q DGGLWLRQ EHFDXVH
REVHUYDWLRQV ZHUH PDGH RYHU D ZLGH UDQJH RI
GDWHV WKRVH WDNHQ DW WKH VDPH WLPH RI GD\ RQ WZR
GLIIHUHQW GDWHV FRXOG RFFXU XQGHU GLIIHUHQW
HQYLURQPHQWDO FRQGLWLRQV HJ DPELHQW
WHPSHUDWXUH DQG WKH KHLJKW RI WKH VXQ DERYH WKH
KRUL]RQ
(VWLPDWHVRIERG\WHPSHUDWXUHLQWKHILHOG
7R H[DPLQH WKH HIIHFW RI EHKDYLRU RQ ERG\
WHPSHUDWXUH DQG WR DVVHVV ZKHQ DQG KRZ M.
sanguinipes DWWDLQ SUHIHUUHG ERG\ WHPSHUDWXUHV
76(7 LQ WKH ILHOG WKH 7( RI M. sanguinipes ZDV
PHDVXUHG XVLQJ PRGHOV LQ WKH ILHOG 7KH
DOWHUQDWLYH DSSURDFK RI ³JUDEELQJ DQG VWDEELQJ´
OLYH JUDVVKRSSHUV ZLWK WKHUPRFRXSOHV ZDV QRW
XVHG 'XH WR WKH QHFHVVDU\ GHOD\ LQ WDNLQJ D
PHDVXUHPHQW DIWHU D JUDVVKRSSHU ZDV IOXVKHG DQG
FDSWXUHG WKH JUDEDQGVWDE PHWKRG ZRXOG QRW
DOORZ XV WR GHWHFW VOLJKW GLIIHUHQFHV LQ ERG\
WHPSHUDWXUH RI JUDVVKRSSHUV LQ GLIIHUHQW
SRVWXUHV RULHQWDWLRQV DQG PLFURKDELWDWV 0RGHOV
ZHUH SUHSDUHG LQ WKH VDPH ZD\ DV WKRVH XVHG RQ
WKH WKHUPDO JUDGLHQW 8VLQJ WKH EHKDYLRUDO
REVHUYDWLRQV DV D JXLGH 7( ZDV PHDVXUHG LQ VL[
PLFURKDELWDWRULHQWDWLRQ FRPELQDWLRQV WKDW
ZRXOG OLNHO\ JHQHUDWH WKH HQWLUH WKH UDQJH RI
SRVVLEOH ERG\ WHPSHUDWXUHV IRU M. sanguinipes LQ
WKH ILHOG RQ VXQQ\ GD\V  LQ D FURXFKHG SRVWXUH
RQ IXOO\ LQVRODWHG EDUH VRLO ZLWK WKH ORQJLWXGLQDO
D[LV RULHQWHG DW  RU    EDVNLQJ
RULHQWDWLRQ  RQ IXOO\ LQVRODWHG EDUH VRLO RU D
WKLQ OD\HU RI PDWWHG SODQW OLWWHU ZLWK WKH
ORQJLWXGLQDO D[LV RULHQWHG DW  VR WKDW WKH ERG\
ZDV DOLJQHG ZLWK DQG SDUWLDOO\ REVFXUHG E\ WKH
VKDGRZ RI D VWDQGLQJ JUDVV VWHP  LQ IXOO VXQ 
FP DERYH WKH VRLO VXUIDFH RQ D KRUL]RQWDO VWHP RU
HOHYDWHG PDWWHG JUDVV ZLWK WKH ORQJLWXGLQDO D[LV
RI WKH ERG\ RULHQWHG GLUHFWO\ DW WKH VXQ LQ ERWK WKH
KRUL]RQWDO  DQG YHUWLFDO SODQHV   FP DERYH
WKH VRLO VXUIDFH LQ D YHUWLFDO RULHQWDWLRQ DJDLQVW
WKH VKDGHG VLGH RI D JUDVV VWHP EXW ZLWK WKH ERG\
RQO\ SDUWLDOO\ VKDGHG  VDPH DV  EXW  FP
KLJK DQG  VDPH DV  EXW  FP KLJK 7( ZDV
UHFRUGHG DIWHU WKH WHPSHUDWXUH RI WKH PRGHO
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH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RIVHWSRLQWUDQJH
VWDELOL]HG DW  ORFDWLRQV LQ WKH JUD]HG SORW DQG 
LQ WKH XQJUD]HG SORWV 7KH ORFDWLRQV ZHUH
GHWHUPLQHG E\ EOLQGO\ WRVVLQJ D  FP GLDPHWHU
PHWDO ULQJ LQWR WKH SORW ,Q VRPH ORFDWLRQV WKH 7(
IRU RQH RI WKH ORFDWLRQRULHQWDWLRQ FRPELQDWLRQV
OLVWHG DERYH ZDV QRW UHFRUGHG EHFDXVH WKH
DSSURSULDWH PLFURKDELWDW ZDV XQDYDLODEOH HJ
WKHUH ZDV QR  FP KLJK JUDVV VWHP LQ WKH VDPSOH
ULQJ ,Q WRWDO  PHDVXUHPHQWV ZHUH PDGH DOO
XQGHU FORXGOHVV FRQGLWLRQV DQG DW ORZ ZLQG
VSHHGV 76 ZHUH DOVR UHFRUGHG DW HDFK ORFDWLRQ VR
WKDW 7( FRXOG EH UHJUHVVHG RQ 76 6HOHFWHG SDLUHG
FRPSDULVRQV ZHUH WKHQ PDGH DPRQJ ORFDWLRQV
XVLQJ:LOFR[RQ6LJQHG5DQN7HVWV
7R GHWHUPLQH ZKHWKHU WKH SK\VLFDO VWUXFWXUH RI
YHJHWDWLRQ LQIOXHQFHG WKH DELOLW\ RI M.
sanguinipes WR WKHUPRUHJXODWH 7( HVWLPDWHV ZHUH
FRPSDUHG XVLQJ DQRWKHU VHW RI PRGHOV SODFHG LQ
WKH JUD]HG DQG XQJUD]HG SORWV DW WKH 7KUHH )RUNV
VLWH DQG DW D VLWH ZLWK D VLPLODUO\JUD]HG SDLU RI
SORWV DW WKH 0RQWDQD 6WDWH 8QLYHUVLW\ 5HG %OXII
5HVHDUFK 5DQFK  NP HDVW RI 1RUULV 0DGLVRQ
&R 0RQWDQD $OO PHDVXUHPHQWV ZHUH PDGH
GXULQJ FORXGOHVV SHULRGV DQG D VLQJOH PRGHO ZDV
XVHG LQ ERWK SORWV RQ HDFK GD\ WKH ORFDWLRQV IRU
WKH PRGHOV ZHUH GHWHUPLQHG XVLQJ WKH PHWDO ULQJ
DV GHVFULEHG DERYH 2Q ILYH GD\V WKH PRGHOV ZHUH
SODFHG RQ WKH VRLO VXUIDFH LQ D EDVNLQJ RULHQWDWLRQ
DQG SRVWXUH DOWHUQDWLQJ PHDVXUHPHQWV EHWZHHQ
JUD]HG DQG XQJUD]HG SORWV 7R GHWHUPLQH ZKHWKHU
EDVNLQJ ZDV PRUH HIIHFWLYH LQ WKH JUD]HG SORWV
ZKHQ WHPSHUDWXUH ZDV UHODWLYHO\ ORZ HDUO\ LQ WKH
GD\ WHQ SDLUV RI PHDVXUHPHQWV PDGH HDFK GD\
DOZD\VEHWZHHQDQGKZHUHFRPELQHG
LQWR D VLQJOH VHW RI  GDWD SDLUV 7R GHWHUPLQH
ZKHWKHU PRGHO WHPSHUDWXUH ZDV KLJKHU RQ WKH
JURXQG LQ WKH JUD]HG SORWV GXULQJ WKH KRWWHU
SHULRGV RI WKH GD\ WHQ SDLUV RI PHDVXUHPHQWV
PDGH RQ HDFK RI IRXU GD\V DOZD\V EHWZHHQ 
DQG K ZHUH FRPELQHG LQWR D VLQJOH VHW RI 
SDLUV ODWH PHDVXUHPHQWV ZHUH QRW PDGH RQ RQH
GD\ EHFDXVH FORXGV REVFXUHG WKH VXQ DIWHU 
2Q WZR GD\V D VLPLODU VHW RI REVHUYDWLRQV ZDV
FRQGXFWHG SODFLQJ PRGHOV LQ D YHUWLFDO SRVLWLRQ
YHQWHU WRZDUGV WKH GLUHFWLRQ RI WKH VXQ KDOIZD\
XS WKH KLJKHVW JUDVV VWHP ZLWKLQ WKH PHWDO ULQJ
UHVXOWLQJ LQ  SDLUV RI HDUO\ DQG  SDLUV RI ODWH
PHDVXUHPHQWV 'DWD ZHUH DQDO\]HG ZLWK
:LOFR[RQ6LJQHG5DQN7HVWV
5HVXOWV
3UHIHUUHGERG\WHPSHUDWXUHV
Melanoplus sanguinipes DGXOWV KDG D ZLGH UDQJH
RI SRWHQWLDO ERG\ WHPSHUDWXUHV DYDLODEOH RQ WKH
JUDGLHQWV IURP ±& %HFDXVH WKH JUDGLHQW
ZDV OLQHDU DQG WKH EDUV ZHUH UHFWDQJXODU LQ VKDSH
DOO SRWHQWLDO ERG\ WHPSHUDWXUHV ZHUH HTXDOO\
DYDLODEOH ZLWK SHUKDSV D IHZ FRQVWUDLQWV EHFDXVH
PRUH WKDQ RQH JUDVVKRSSHU ZDV RQ HDFK EDU
+RZHYHU DIWHU RQHKRXU RQ WKH JUDGLHQW PRVW
JUDVVKRSSHUV DJJUHJDWHG ZLWKLQ D UHODWLYHO\
QDUURZ EDQG ZKHUH 7( UDQJHG IURP ±&
DQG76(7 IURP±&)LJXUH
%HKDYLRULQWKHILHOG
,Q WKH ILHOG JUDVVKRSSHUV DOZD\V KDG ERWK
IXOO\LQVRODWHG DQG VKDGHG PLFURKDELWDWV
DYDLODEOH :KHQ 76 ZDV &  RIWKH
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH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RUOHVVHULQVRODWLRQFRPSDUHGWRWKHLULQLWLDOORFDWLRQn UDQJHVIURP±DPRQJWHPSHUDWXUHFDWHJRULHV%3URSRUWLRQRIJUDVVKRSSHUV
DGRSWLQJEDVNLQJRULHQWDWLRQRUIDFLQJGLUHFWLRQRIVXQn UDQJHVIURP±IRUDPRQJWHPSHUDWXUHFDWHJRULHVZLWKWKHH[FHSWLRQ
RI±&ZKHUH n  &3URSRUWLRQRIJUDVVKRSSHUVSHUFKHGRQVRLOVXUIDFHWKDWDGRSWHGWKHFURXFKHGSRVWXUHn UDQJHVIURP±
>FRQWLQXHGRQQH[WSDJH@
JUDVVKRSSHUV WKDW PRYHG GXULQJ WKH WZRPLQXWH
REVHUYDWLRQV PRYHG WR D ORFDWLRQ PRUH LQVRODWHG
WKDQ WKH RQH WR ZKLFK WKH\ ZHUH IOXVKHG 1   
)LJ D RQO\ RQH JUDVVKRSSHU PRYHG WR D PRUH
VKDGHG ORFDWLRQ $W WKHVH WHPSHUDWXUHV IOXVKHG
JUDVVKRSSHUV WKDW ODQGHG LQ VKDGH RU SDUWLDO
VKDGH RIWHQ PRYHG XQWLO WKH\ HQWHUHG D IXOO\
LQVRODWHG SDWFK RI VRLO ZKHUH WKH\ LPPHGLDWHO\
VWRSSHG :KHQ ZH PRQLWRUHG WKLV LQ  DW 76 
&  RI  JUDVVKRSSHUV UHVSRQGHG LQ WKLV
ZD\ WR WKH VKDGHVXQ WUDQVLWLRQ $V 76 LQFUHDVHG
WKH SURSRUWLRQ RI WKRVH PRYLQJ WR D PRUH
LQVRODWHG ORFDWLRQ GHFUHDVHG ZKLOH WKH SURSRUWLRQ
PRYLQJ WR VKDGH LQFUHDVHG FKLVTXDUH
FRQWLQJHQF\ WDEOH DQDO\VLV Ƶ    GI    3 
 $W 76 ! & JUDVVKRSSHUV LQWHUVHFWLQJ
WKH VOHQGHU VKDGH RI D VLQJOH JUDVV VWHP ZKLOH
ZDONLQJ RQ WKH VRLO VXUIDFH VRPHWLPHV VWRSSHG
DQG URWDWHG KRUL]RQWDOO\ WR DOLJQ ZLWK WKH VOHQGHU
EDQGRIVKDGH
:KHQ LQ IXOO VXQ RU SDUWLDO VKDGH DW ORZ
WHPSHUDWXUHV LQGLYLGXDOV RQ WKH VRLO VXUIDFH
WHQGHG WR SHUFK LQ D EDVNLQJ RULHQWDWLRQ  RU
 7KH SURSRUWLRQ RI JUDVVKRSSHUV EDVNLQJ
YDULHG DFURVV WHPSHUDWXUHV )LJXUH E Ƶ  
 GI    3   $IWHU IOXVKLQJ PDQ\
JUDVVKRSSHUV WKDW PRYHG WR D IXOO\ LQVRODWHG SDWFK
LPPHGLDWHO\ URWDWHG KRUL]RQWDOO\ DV LI RQ D
WXUQWDEOH WR DFKLHYH WKH EDVNLQJ RULHQWDWLRQ
5RWDWLRQ ZDV FRPPRQ DW 76  &  RI 
JUDVVKRSSHUV RQ JURXQG LQ IXOO VXQ OHVV FRPPRQ
DW ±&  RI  JUDVVKRSSHUV DQG
UHODWLYHO\ UDUH DW ±&  RI 
JUDVVKRSSHUV Ƶ    GI    3   ,Q
FRQWUDVW WR WKRVH LQGLYLGXDOV REVHUYHG DW ORZ
WHPSHUDWXUHV WKH  JUDVVKRSSHUV REVHUYHG LQ
IXOO VXQ DW 76 ! & RIWHQ SHUFKHG LQ D PDQQHU
WKDW PLQLPL]HG LQWHUFHSWHG UDGLDWLRQ 2I WKH VL[
RULHQWDWLRQV UHFRUGHG LQ WKH KRUL]RQWDO SODQH
RQHWKLUG  DQG  SODFHG WKH JUDVVKRSSHU
JHQHUDOO\ IDFLQJ WRZDUGV RU DZD\ IURP WKH VXQ 2I
WKH WKUHH RULHQWDWLRQV UHFRUGHG LQ YHUWLFDO SODQH
WKDW LV DSSUR[LPDWHO\ KRUL]RQWDO REOLTXH a
RU YHUWLFDO UHODWLYH WR WKH VRLO VXUIDFH WKH ODWWHU
WZR PLQLPL]HG LQWHUFHSWHG UDGLDWLRQ GXULQJ WLPHV
RI GD\ ZKHQ 76 ZDV KLJK DQG WKH VXQ ZDV ZHOO
DERYH WKH KRUL]RQ 7KXV LI WKH JUDVVKRSSHUV
RULHQWDWHG UDQGRPO\ DPRQJ WKH  SRVVLEOH
FRPELQDWLRQV RQO\  VKRXOG KDYH EHHQ LQ
RULHQWDWLRQV WKDW PLQLPL]HG LQWHUFHSWHG
UDGLDWLRQ DW 76 ! & KRZHYHU  RI 
LQGLYLGXDOV DGRSWHG RQH RI WKH IRXU
LQVRODWLRQPLQLPL]LQJ RULHQWDWLRQV FKLVTXDUH
JRRGQHVVRIILWƵ  GI 3
7KH EDVNLQJ RULHQWDWLRQ ZDV RIWHQ FRPELQHG ZLWK
DFURXFKHGSRVWXUHWKDWEURXJKW WKHJUDVVKRSSHU
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KHLJKW77;DWWKHLQLWLDODQGILQDOORFDWLRQRIWKHJUDVVKRSSHU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IRU
UHIHUHQFHWKHSDLURIKRUL]RQWDOGDVKHGOLQHVUHSUHVHQWWKHERXQGVRIWKH76(7 UDQJHPHDVXUHGLQWKHODERUDWRU\
FORVHU WR WKH VRLO VXUIDFH VRPHWLPHV ZLWK WKHLU
DEGRPHQV OD\LQJ DJDLQVW WKH JURXQG 7KRVH LQ WKH
FURXFKHG SRVWXUH DW  RULHQWDWLRQ DOVR H[WHQGHG
WKHLU OHJV KRUL]RQWDOO\ RQ WKH LQVRODWHG VLGH RI WKH
ERG\ ZLWK WKH UHVXOW WKDW WKH\ PLQLPL]HG
VHOIVKDGLQJ WKH\ DOVR UDLVHG WKH KLQG OHJ RQ WKH
VKDGHG VLGH RI WKH ERG\ ZKHUH LW UHFHLYHG GLUHFW
UDGLDWLRQ LQ   RI  EDVNLQJ JUDVVKRSSHUV
DGRSWHG WKLV SRVWXUH $PRQJ DGXOWV SHUFKHG RQ
WKH VRLO VXUIDFH, WKH SURSRUWLRQ FURXFKLQJ
GHFUHDVHG DV 76 LQFUHDVHG )LJ F Ƶ    GI
  3   2QO\ WKUHH LQGLYLGXDOV RQ WKH VRLO
VXUIDFH DOO DW 76 IURP ±& ZHUH REVHUYHG LQ
WKH VWLOWHG SRVWXUH DW WKHLU ILQDO ORFDWLRQ :H
IRXQG QR UHODWLRQVKLS EHWZHHQ 76 DQG WKH KHLJKW
RI WKH VXUIDFHV WR ZKLFK JUDVVKRSSHUV ZHUH
IOXVKHG LQLWLDO SHUFK KHLJKW .UXVNDO:DOOLV
7HVW 3    VXJJHVWLQJ WKDW JUDVVKRSSHUV GR
QRW FRQWURO MXPSV WR UHDFK D SDUWLFXODU WKHUPDO
HQYLURQPHQW +RZHYHU ILQDO SHUFK KHLJKW DIWHU
WZR PLQXWHV LQFUHDVHG ZLWK 76 )LJXUH G 3 
 1RQH RI WKH  JUDVVKRSSHUV REVHUYHG DW
76 !&UHPDLQHGRQWKHVRLOVXUIDFH
%\ PRQLWRULQJ WKH 77; RI JUDVVKRSSHUV DW WKH
EHJLQQLQJ DQG HQG RI HDFK REVHUYDWLRQ SHULRG LW
FRXOG EH GHWHUPLQHG ZKHWKHU WKH\ PRYHG WR DUHDV
RI KLJKHU RU ORZHU DLU WHPSHUDWXUH $ FOHDU
UHODWLRQVKLS ZDV REVHUYHG EHWZHHQ 76 DQG WKH
WHPSHUDWXUH GLIIHUHQWLDO )LJXUH H
.UXVNDOO:DOOLV 7HVW 3   $PRQJ WKH 
JUDVVKRSSHUV REVHUYHG DW 76  &  PRYHG
WRZDUGV KLJKHU 77; PD[LPXP   & LQFUHDVH
ZKHUHDV RQO\  PRYHG WR ORZHU 77; PD[LPXP
  & GHFUHDVH %XW RI WKH  JUDVVKRSSHUV
REVHUYHG DW 76 ! &  PRYHG WRZDUGV ORZHU
77; XVXDOO\ E\ PRYLQJ XS RQWR YHJHWDWLRQ
PD[LPXP   & GHFUHDVH DQG QRQH PRYHG
WRDORFDWLRQZLWKDKLJKHU77;
7R URXJKO\ HVWLPDWH WKH DPRXQW RI WLPH DQG HIIRUW
D JUDVVKRSSHU LQYHVWHG LQ ORFDWLQJ D VXLWDEOH
PLFURFOLPDWH GXULQJ WKH WZR PLQXWHV IROORZLQJ
IOXVKLQJ WKH UHODWLRQVKLS RI 76 WR WKH WRWDO
GLVWDQFH HDFK JUDVVKRSSHU WUDYHOHG DQG WKH
QXPEHU RI WLPHV LW VWRSSHG EHIRUH VHWWOLQJ LQ RQH
ORFDWLRQ ZHUH H[DPLQHG 'LVWDQFHV WHQGHG WR EH
VKRUWHU DW LQWHUPHGLDWH 76 EHFDXVH RQO\  RI
WKH JUDVVKRSSHUV UHORFDWHG DIWHU IOXVKLQJ DW 76
IURP ±& ZKHUHDV  PRYHG DW DOO RWKHU
WHPSHUDWXUHV FRPELQHG +RZHYHU LQ D TXDGUDWLF
UHJUHVVLRQ GLVWDQFH    ± 76  
)    3   76 H[SODLQHG MXVW  RI
WKH YDULDWLRQ LQ GLVWDQFH PRYHG E\ DGXOWV
6LPLODUO\ WKH QXPEHU RI WLPHV WKDW D JUDVVKRSSHU
KDOWHG LQFUHDVHG ZLWK 76 QXPEHU VWRSV   76
  )    3    EXW 76 H[SODLQHG
MXVWRIWKHYDULDWLRQ
'XULQJ WKH VWXG\ VHYHUDO REVHUYDWLRQV ZHUH PDGH
WKDW WKRXJK QRW IXOO\ TXDQWLILHG ZHUH VHHQ RIWHQ
HQRXJK WR VXJJHVW WKDW WKH\ DUH FRPPRQ DQG
RIWHQ VXEWOH DVSHFWV RI WKHUPRUHJXODWRU\ EHKDYLRU
:KLOH SUHVHQWLQJ WKHLU IODQNV WR WKH VXQ PDQ\
EDVNLQJ JUDVVKRSSHUV IRU H[DPSOH DOVR WLOWHG
WKHLU GRUVRYHQWUDO D[HV LH OHDQHG DZD\ IURP
WKH GLUHFWLRQ RI WKH VXQ 7KLV EHKDYLRU ZDV DOVR
REVHUYHG LQ EDVNLQJ UREEHU IOLHV DW WKH VDPH
ORFDWLRQ DQG ZDV LQWHUSUHWHG DV D PHDQV IRU WKHP
WR PD[LPL]H LQWHUFHSWHG UDGLDWLRQ E\ PDNLQJ WKH
³SODQH´ RI WKHLU ODWHUDO VXUIDFH DV FORVH DV SRVVLEOH
WR EHLQJ SHUSHQGLFXODU WR LQFRPLQJ UDGLDWLRQ
2¶1HLOO HW DO  ,Q DGGLWLRQ EHIRUH EDVNLQJ
JUDVVKRSSHUV VHWWOHG LQWR SODFH WKH\ RIWHQ PRYHG
ODWHUDOO\ D VKRUW GLVWDQFH WR SODFH WKHLU ERGLHV
DJDLQVW WKH LQVRODWHG VLGH RI D SODQW RU D
GHSUHVVLRQ LQ WKH VRLO ZKLFK PD\ KDYH UHGXFHG
FRQYHFWLYH KHDW ORVV RU SODFHG WKHP LQ D ZDUPHU
PLFURKDELWDW 2FFXUUHQFHV RI WKLV ZHUH UHFRUGHG
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH )LJXUH2SHUDWLYHERG\WHPSHUDWXUH7( LQ&RIJUDVVKRSSHUPRGHOVSODFHGDWGLIIHUHQWKHLJKWVDQG
RULHQWDWLRQVSDLURIKRUL]RQWDOGDVKHGOLQHVUHSUHVHQWVWKH76(7 UDQJHPHDVXUHGODERUDWRU\
HLJKW WLPHV LQ  DOO DW VRLO VXUIDFH
WHPSHUDWXUHV RI ±& 2WKHU EHKDYLRUV ZHUH
H[KLELWHG RQO\ ZKHQ 76 ZDV KLJK :KHQ IOXVKHG WR
D KRW VRLO VXUIDFH VRPH JUDVVKRSSHUV HLWKHU 
ZDONHG LQ WKH VWLOWHG SRVWXUHV EHIRUH FOLPELQJ XS
RU KRSSLQJ WR YHJHWDWLRQ UHFRUGHG IRXU WLPHV
RQO\ DW 76 RI ±& RU  LPPHGLDWHO\ KRSSHG
XS RQWR YHJHWDWLRQ DIWHU QR PRUH WKDQ RQH VHFRQG
RQ WKH JURXQG UHFRUGHG  WLPHV DOO DW 76 RI
±&
(VWLPDWHGERG\WHPSHUDWXUHVLQWKHILHOG
*UDVVKRSSHU PRGHOV ZHUH XVHG WR DGGUHVV VHYHUDO
TXHVWLRQV FRQFHUQLQJ WKH YDOXH RI EHKDYLRUDO
WKHUPRUHJXODWLRQ DW GLIIHUHQW WLPHV LQ GLIIHUHQW
KDELWDWV )LUVW WR ZKDW H[WHQW FDQ EHKDYLRU PRGLI\
ERG\ WHPSHUDWXUH" )RU DOO
PLFURKDELWDWRULHQWDWLRQ FRPELQDWLRQV 7(
LQFUHDVHG OLQHDUO\ ZLWK 76 7DEOH  )LJXUH 
3DLUHG FRPSDULVRQV DPRQJ PRGHOV LQGLFDWHG WKDW
M. sanguinipes FDQ DGMXVW ERG\ WHPSHUDWXUH E\
PDNLQJ UHODWLYHO\ PLQRU EHKDYLRUDO FKDQJHV
7DEOH5HJUHVVLRQRIPRGHOJUDVVKRSSHUWHPSHUDWXUHV7(RQVRLOVXUIDFHWHPSHUDWXUH76LQILHOGDQG
GHYLDWLRQRI7( IURP76(7 IRUPRGHOVSODFHGLQGLIIHUHQWFRPELQDWLRQVRIORFDWLRQDQGSRVWXUH
/LQHDUUHJUHVVLRQRI7( RQ76 DW7V  & DW7V!&
)G I U  3UREDELOLW\
'HYLDWLRQRI7( IURP
76(7 PHDQ6(
Q
'HYLDWLRQRI7( IURP
76(7 PHDQ6(
Q
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-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH )LJXUH &RPSDULVRQRIRSHUDWLYHERG\WHPSHUDWXUH7( LQ&LQJUD]HGDQGXQJUD]HGDUHDVIRUJUDVVKRSSHU
PRGHOVSODFHGLQEDVNLQJRULHQWDWLRQDQGSRVWXUHRUKDOIZD\XSWKHWDOOHVWJUDVVVWHPDWWKHVDPSOLQJORFDWLRQ
GDVKHGOLQHLQGLFDWHVHTXDOLW\RIWHPSHUDWXUHLQWKHWZRSORWV
WKURXJKRXW WKH GD\ 7DEOH  UDLVLQJ WHPSHUDWXUH
HDUO\ LQ WKH GD\ EXW PLQLPL]LQJ LW ODWHU LQ WKH GD\
UHODWLYHWRSRVVLEOHDOWHUQDWLYHV
6HFRQG KRZ FORVHO\ GRHV 7( DSSURDFK 76(7 IRU
PRGHOV VLPXODWLQJ GLIIHUHQW JUDVVKRSSHU
EHKDYLRUV DQG KRZ GRHV WKLV YDU\ ZLWK
HQYLURQPHQWDO WHPSHUDWXUH" $W 76  & DOO
PRGHOV KDG WHPSHUDWXUHV EHORZ WKH ORZHU 76(7
OLPLW)LJXUH7KRVHLQGLIIHUHQWSRVWXUHKHLJKW
FRPELQDWLRQV GHYLDWHG IURP 76(7 E\ DYHUDJHV RI
±& 7DEOH  $W 76 ! & QRQH RI PRGHOV
RQ WKH VRLO VXUIDFH ZHUH ZLWKLQ 76(7 +RZHYHU
 RI WKH PRGHOV SODFHG DW KHLJKWV RI ± FP
ZHUH ZLWKLQ 76(7 DQG WKH PHDQ GHYLDWLRQ IURP
76(7 ZDVDOZD\V&
7KLUG ZLWK PRGHO 7( GDWD DV D EDVLV IRU
SUHGLFWLRQ KRZ RIWHQ ZHUH OLYH JUDVVKRSSHUV
REVHUYHG ZLWKLQ 76(7" %HFDXVH RXU REVHUYDWLRQV
7DEOH6HOHFWHGSDLUHGFRPSDULVRQVRI7( EHWZHHQPRGHOVSODFHGLQGLIIHUHQWFRPELQDWLRQVRIORFDWLRQDQG
SRVWXUH
76  & 7 6 !& $OO7 6
0RGHOVFRPSDUHG D
'LIIHUHQFH&
PHDQ6(
Q 'LIIHUHQFH& E
PHDQ6(
Q
'LIIHUHQFH& E
PHDQ6(
Q
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3:LOFR[RQ6LJQHG5DQN7HVW
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH ZHUH XVHG DV D JXLGH WR SODFLQJ WKH PRGHO
JUDVVKRSSHUV PDQ\ RI WKH OLYH JUDVVKRSSHUV
REVHUYHG KDG ORFDWLRQV SRVWXUHV DQG RULHQWDWLRQV
WKDW FORVHO\ PDWFKHG WKRVH RI PRGHOV )RU OLYH
EDVNLQJ JUDVVKRSSHUV LQ IXOO VXQ DW  FP 1   
DQG IRU WKRVH SHUFKHG YHUWLFDOO\ RQ VWHPV IURP
± FP 1    WKH UHJUHVVLRQV RI 7( RQ 76
ZHUH XVHG WR HVWLPDWH WKH 7% RI WKH OLYH
JUDVVKRSSHU ZKLFK ZDV WKHQ FRPSDUHG WR 76(7
DQG 77; DW HDFK JUDVVKRSSHU¶V ILQDO ORFDWLRQ )RU
WKRVH SHUFKHG RQ VWHPV LQWHUSRODWLRQ ZDV XVHG WR
HVWLPDWH 7%7 % RI EDVNLQJ JUDVVKRSSHUV DOO
REVHUYHG DW 76  & ZHUH HVWLPDWHG WR EH  
& LQ H[FHVV RI 77; PD[LPXP   & EXW
QRQH RI WKH EDVNLQJ JUDVVKRSSHUV KDG DQ
HVWLPDWHG 7% ZLWKLQ 76(7 PHDQ GHYLDWLRQ  
 & *UDVVKRSSHUV RQ WKH VWHPV DOO REVHUYHG
DW 76 ! & ZHUH HVWLPDWHG WR EH   & LQ
H[FHVV RI 77; PD[LPXP   & DQG  RI
OLYH JUDVVKRSSHUV RQ VWHPV KDG HVWLPDWHG 7%
ZLWKLQ 76(7 7KRVH EHORZ 76(7 GHYLDWHG IURP WKH
ORZHU ERXQG E\   & 1    ZKHUHDV
WKRVH DERYH 76(7 GHYLDWHG IURP WKH XSSHU ERXQG
E\&1 
)RXUWK GR GLIIHUHQFHV LQ YHJHWDWLRQ VWUXFWXUH GXH
WR JUD]LQJ LQIOXHQFH WKH DELOLW\ RI JUDVVKRSSHUV WR
WKHUPRUHJXODWH" &RPSDULVRQV RI PRGHOV LQ WKH
JUD]HG DQG XQJUD]HG SORWV LQGLFDWH WKDW JUD]HG
YHJHWDWLRQ DOORZHG M. sanguinipes WR EDVN PRUH
HIIHFWLYHO\ (DUO\ LQ WKH GD\  RI WKH 
³EDVNLQJ´ PRGHOV ZHUH IXOO\ LQVRODWHG LQ WKH
JUD]HG SORWV FRPSDUHG WR  LQ WKH XQJUD]HG
SORWV Ƶ    GI    3   $V D UHVXOW
EDVNLQJ PRGHOV LQ WKH JUD]HG SORWV KDG PHDQ 7(
WKDW ZDV   & KLJKHU WKDQ LQ WKH XQJUD]HG
SORWV :LOFR[RQ 6LJQHG 5DQN 7HVW 3  
)LJXUH  7KH GHYLDWLRQ RI 7( IURP 76(7 ZDV 
 & IRU JUD]HG SORWV  ZLWKLQ 76(7 DQG
  & IRU XQJUD]HG SORWV  ZLWKLQ 76(7
:LOFR[RQ 6LJQHG5DQN 7HVW 3   'XULQJ
KRWWHU SHULRGV ZKHQ PRVW RI WKH  EDVNLQJ
PRGHOV RQ WKH JURXQG ZHUH IXOO\ LQVRODWHG 
LQ WKH JUD]HG SORWV  LQ WKH XQJUD]HG SORWV
PRGHOV LQ WKH JUD]HG SORWV KDG PHDQ 7( WKDW ZDV
  & ORZHU WKDQ LQ WKH XQJUD]HG SORWV 1  
 LQ HDFK SORW :LOFR[RQ 6LJQHG 5DQN 7HVW 3 
 +RZHYHU DOO PRGHOV ZHUH LQ H[FHVV RI WKH
XSSHU OLPLW RI 76(7 WKH GHYLDWLRQV EHLQJ  
& IRU JUD]HG SORWV DQG   & IRU
XQJUD]HG SORWV :LOFR[RQ 6LJQHG5DQN 7HVW 3 
 0RGHOV SODFHG KDOIZD\ XS WKH WDOOHVW VWHP
DW HDFK VDPSOLQJ SRLQW ZHUH DW    FP LQ
WKH JUD]HG SORW DQG    FP LQ WKH XQJUD]HG
SORW 0DQQ:KLWQH\ 7HVW 3   )RU WKHVH
PRGHOV )LJXUH  KRZHYHU WKHUH ZHUH QR
GLIIHUHQFHV LQ 7( EHWZHHQ WKH WZR SORWV HLWKHU
HDUO\ LQ WKH GD\ LH EHIRUH  K :LOFR[RQ
6LJQHG 5DQN 7HVW 3    1    RU ODWHU LQ WKH
GD\ LH DIWHU  K 3    1    7KXV
DOWKRXJK JUDVVKRSSHUV LQ XQJUD]HG SORWV KDG
PRUH RSWLRQV IRU YHUWLFDO PRYHPHQW GLIIHUHQW
YHJHWDWLRQ VWUXFWXUHV DSSHDU WR EH PRUH
FRQVWUDLQLQJ WR JUDVVKRSSHUV RQ RU QHDU WKH VRLO
VXUIDFHWKDQWRWKRVHSHUFKHGRQYHJHWDWLRQ
'LVFXVVLRQ
:LWKLQ WKHLU SUHIHUUHG WHPSHUDWXUH UDQJHV
JUDVVKRSSHUV SUREDEO\ PD[LPL]H SK\VLRORJLFDO
SHUIRUPDQFH DQG RSWLPL]H JURZWK UDWH &KDSSHOO
DQG :KLWPDQ  6DPLHW] HW DO  :HOO
EHORZ WKH SUHIHUUHG UDQJH JUDVVKRSSHUV DUH
FRQVWUDLQHG E\ PLQLPXP ERG\ WHPSHUDWXUH
WKUHVKROGV IRU DFWLYLW\ 7KH PLQLPXP
WHPSHUDWXUHV IRU ZDONLQJ DUH DERXW & IRU M.
sanguinipes   M. mexicanus;3DUNHU  DQG
& IRU Taeniopoda eques :KLWPDQ  $V
WHPSHUDWXUHV ULVH DERYH WKH PLQLPXP WKUHVKROG
UDWHV RI GHYHORSPHQW ZDONLQJ IHHGLQJ DQG
GHIHFDWLRQ LQ T. eques DOO LQFUHDVH ZLWK
WHPSHUDWXUH DV GR WKH WLPHV UHTXLUHG WR SDVV D
VSHUPDWRSKRUH GHSRVLW HJJV DQG PDWH :KLWPDQ
 M. sanguinipes DOVR H[KLELWV
WHPSHUDWXUHGHSHQGHQW IHHGLQJ UDWHV /DFWLQ DQG
-RKQVRQ  DQG PHWDEROLF UDWHV &KDSSHOO
 DQG SUREDEO\ IDFHV PRVW RI WKH UDWH
FRQVWUDLQWV IDFHG E\ T. eques ,Q ERWK VSHFLHV WKH
PHWDEROLF DGYDQWDJH DIIRUGHG E\ LQFUHDVLQJ
WHPSHUDWXUH LV HYHQWXDOO\ RIIVHW E\ WKHUPDO
VWUHVVHV 7KH FULWLFDO WKHUPDO PD[LPXP KDV EHHQ
HVWLPDWHG DV & IRU M. sanguinipes 3DUNHU
 EXW FKURQLF SUREOHPV UHODWHG WR KLJK
WHPSHUDWXUH VXFK DV LQFUHDVHG UDWHV RI
GHVLFFDWLRQ SUREDEO\ RFFXU DW WHPSHUDWXUHV EHORZ
WKHFULWLFDOWKHUPDOPD[LPD
&KDSSHOO DQG :KLWPDQ  VXJJHVW WKDW
SUHIHUUHG ERG\ WHPSHUDWXUHV RI DFULGLG
JUDVVKRSSHUV UDQJH IURP ±& WKRXJK
IXUWKHU ZRUN RQ ODERUDWRU\ WKHUPDO JUDGLHQWV LV
OLNHO\ WR UHILQH UDQJHV IRU LQGLYLGXDO VSHFLHV
VH[HV DQG GHYHORSPHQWDO VWDJHV 8VLQJ WKH
PHWKRG RXWOLQHG E\ +HUW] HW DO  DQ
HVWLPDWH ZDV REWDLQHG RI WKH SUHIHUUHG ERG\
WHPSHUDWXUHV RI M. sanguinipes WR EH XVHG DV D
FULWHULRQ IRU MXGJLQJ WKH SRWHQWLDO IRU HIIHFWLYH
EHKDYLRUDO WKHUPRUHJXODWLRQ LQ WKH ILHOG 7KH
GLVWULEXWLRQ RI HVWLPDWHG ERG\ WHPSHUDWXUHV RQ
WKHJUDGLHQWZDVXQLPRGDO SHDNLQJ QHDU &
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH 7KH ±& 76(7 UDQJH GHWHUPLQHG IRU DGXOWV
ZDV QHDUO\ LGHQWLFDO WR WKH 76(7 HVWLPDWHV IRU M.
sanguinipes Q\PSKDO LQVWDUV ,±9 RQ WKH VDPH
JUDGLHQW 5ROVWRQ  VXJJHVWLQJ WKDW WKHUH DUH
QR PDMRU GHYHORSPHQWDO FKDQJHV LQ 76(7 LQ WKLV
VSHFLHV /DFWLQ DQG -RKQVRQ D DIWHU SODFLQJ
M. sanguinipes Q\PSKV RQ WHPSHUDWXUH JUDGLHQWV
HVWDEOLVKHG ZLWK LQFDQGHVFHQW EXOEV DQG XVLQJ D
GLIIHUHQW PHWKRG RI FDOFXODWLRQ HVWLPDWHG WKH
SUHIHUUHG UDQJH WR EH ±& ERWK WKHLU
HVWLPDWH DQG RXUV KDYH WKH VDPH PHGLDQ YDOXH RI
&
,Q WKH ILHOG M. sanguinipes DGXOWV SURJUHVVHG
WKURXJK D FRQVLVWHQW GDLO\ VHTXHQFH RI RIWHQ
VXEWOH EHKDYLRUDO UHVSRQVHV ZLWKLQ WKHLU
KHWHURJHQHRXV WKHUPDO HQYLURQPHQWV (DUO\ LQ WKH
PRUQLQJ WKH\ TXLFNO\ PRYHG WR ZDUPHU
LQVRODWHG SDWFKHV RI VRLO VXUIDFH ZKLFK RIWHQ
SODFHG WKHP LQ VKDOORZ GHSUHVVLRQV LQ WKH VRLO RU
DJDLQVW WKH EDVHV RI SODQWV +HUH WKH\ XVXDOO\
URWDWHG WR RULHQW WKH ORQJ D[HV RI WKHLU ERGLHV
SHUSHQGLFXODU WR WKH GLUHFWLRQ RI WKH VXQ RIWHQ
ZKLOH FURXFKLQJ DQG SRVLWLRQLQJ WKHLU OHJV LQ D
PDQQHU WKDW SODFHG WKHP DJDLQVW WKH VRLO VXUIDFH
DQG PLQLPL]HG VHOIVKDGLQJ 7RJHWKHU WKHVH
EHKDYLRUV PD[LPL]HG ERG\ WHPSHUDWXUH ZLWKLQ
WKH DYDLODEOH UDQJH E\ PD[LPL]LQJ WKH DPRXQW RI
GLUHFW VRODU UDGLDWLRQ LQWHUFHSWHG /DFWLQ DQG
-RKQVRQ  DQG PLQLPL]LQJ FRQYHFWLYH KHDW
ORVV )RU VPDOO DQLPDOV FRQYHFWLYH KHDW ORVV LV
ORZHVW QHDU WKH VRLO VXUIDFH DQG DJDLQVW ODUJH
REMHFWV 6WHYHQVRQ  /DWHU LQ WKH GD\ M.
sanguinipes DYRLGHG KLJK ERG\ WHPSHUDWXUHV E\
VHHNLQJ FRROHU RIWHQ VKDGLHU ORFDWLRQV DQG E\
RFFXS\LQJ SHUFKHV LQFUHDVLQJO\ KLJKHU DERYH WKH
VRLO VXUIDFH ,Q ERWK WKLV DQG D SUHYLRXV VWXG\
2¶1HLOO HW DO  JUDVVKRSSHUV LPPHGLDWHO\
KRSSHG WR SODQWV ZKHQ WKH\ FDPH LQ FRQWDFW ZLWK
VRLO VXUIDFHV ZLWK WHPSHUDWXUHV LQ H[FHVV RI &
7KH UHSHUWRLUH RI WKHUPRUHJXODWRU\ EHKDYLRUV WKDW
ZH REVHUYHG LQFOXGLQJ EDVNLQJ IODQNLQJ
FURXFKHG DQG VWLOWHG SRVWXUHV VHHNLQJ VKDGH DQG
PRYHPHQW LQ WKH YHUWLFDO WHPSHUDWXUH SURILOH
KDYH DOVR EHHQ REVHUYHG LQ RWKHU JUDVVKRSSHUV
HJ :DORII  $QGHUVRQ HW DO  &KDSSHOO
 *LOOLV DQG 6PHLJK  :KLWPDQ 
6DPLHW] HW DO  2XU DQDO\VLV RI 7( RI PRGHO
JUDVVKRSSHUV DQG HVWLPDWHV RI WKH 7( RI OLYH
JUDVVKRSSHUV LQGLFDWH WKDW M. sanguinipes DGXOWV
FDQ XVH WKHVH EHKDYLRUV WR DWWDLQ WHPSHUDWXUHV
ZHOO LQ H[FHVV RI DPELHQW DQG WKDW WKH\ ZHUH
IUHTXHQWO\ZLWKLQ76(7 GXULQJKRWWHUWLPHVRIGD\
6HYHUDO RWKHU VWXGLHV SURYLGH LQGHSHQGHQW
HYLGHQFH WKDW M. sanguinipes VWDELOL]HV ERG\
WHPSHUDWXUHV LQ WKH ILHOG QHDU WKH 76(7 HVWLPDWHG
LQ WKH ODERUDWRU\ LQ RXU VWXG\ :RUNLQJ DW WKH
VDPH VLWH DW ZKLFK ZH FRQGXFWHG RXU VWXG\ .HPS
 PHDVXUHG ERG\ WHPSHUDWXUHV RI OLYLQJ
DGXOW M. sanguinipes DFURVV D ZLGH UDQJH RI
DPELHQW WHPSHUDWXUHV UHJUHVVLQJ ERG\
WHPSHUDWXUH RQ DPELHQW XVLQJ D ORJLVWLF PRGHO
%RG\ WHPSHUDWXUHV URVH GXULQJ WKH GD\ EXW
HYHQWXDOO\ VWDELOL]HG DW DERXW & IRU PDOHV DQG
& IRU IHPDOHV DW RU QHDU WKH XSSHU OLPLW RI
SUHIHUUHG UDQJH RI WHPSHUDWXUHV ZH PHDVXUHG RQ
WKH JUDGLHQW ,Q D SRSXODWLRQ LQ &DOLIRUQLD M.
sanguinipes ERG\ WHPSHUDWXUHV SHDNHG LQ WKH
UDQJH FHQWHUHG DURXQG & &KDSSHOO  7KH
FRLQFLGHQFH EHWZHHQ RXU 76(7 HVWLPDWH WKH ILHOG
ERG\ WHPSHUDWXUHV PHDVXUHG E\ .HPS DQG
&KDSSHOO DV ZHOO DV WKH UDQJH RI EHKDYLRUV DQG 7(
WKDW ZH PHDVXUHG LQ WKH ILHOG VXJJHVW WKDW M.
sanguinipes FDQ DFKLHYH SUHIHUUHG WHPSHUDWXUHV
DW D ZLGH UDQJH RI DPELHQW DLU WHPSHUDWXUHV ,Q
RXU VWXG\ KRZHYHU JUDVVKRSSHUV ZHUH DEOH WR GR
WKDW RQO\ DIWHU 76 H[FHHGHG a& 6LPLODUO\ WKH
PDMRULW\ RI WKH M. sanguinipes REVHUYHG E\
&KDSSHOO  LQFOXGLQJ DOO JUDVVKRSSHUV
FDSWXUHG EHIRUH a K DQG DIWHU a K GLG
QRW KDYH 7% ZLWKLQ WKH 76(7 ZH GHWHUPLQHG WKH
UHOHYDQFH RI WKH WKLV GHSHQGV RI FRXUVH RQ
ZKHWKHU76(7 LVVLPLODULQWKHWZRSRSXODWLRQV
7KH IDFW WKDW PDQ\ JUDVVKRSSHUV LQ RXU VWXG\ VWLOO
KDG HVWLPDWHG ERG\ WHPSHUDWXUHV RXWVLGH RI WKH
76(7 UDQJH KDV VHYHUDO SRVVLEOH H[SODQDWLRQV WKDW
DUH QRW PXWXDOO\ H[FOXVLYH )LUVW SHUKDSV WKH
GHFOLQH LQ SK\VLRORJLFDO SHUIRUPDQFH DQG LQFUHDVH
LQ WKHUPDO VWUHVV H[SHULHQFHG DV D JUDVVKRSSHU¶V
ERG\ WHPSHUDWXUH GHYLDWHV IURP RSWLPXP
WHPSHUDWXUH LV PRUH JUDGXDO WKDQ UHIOHFWHG LQ WKH
XVH RI WKH LQWHUTXDUWLOH UDQJH ,I VR D EURDGHU
UDQJH PD\ EH D PRUH DSSURSULDWH PHDVXUH RI
76(7 7KLV SUREOHP FDQ RQO\ EH DGGUHVVHG E\
IXUWKHU UHVHDUFK RQ WKH UHODWLRQVKLS RI
WHPSHUDWXUH WR SK\VLRORJLFDO SHUIRUPDQFH DQG
WKHUPDO VWUHVV 6HFRQG XQGHU ILHOG FRQGLWLRQV
WKHUH PD\ EH PRUH LQWHULQGLYLGXDO YDULDWLRQ LQ
SUHIHUUHG ERG\ WHPSHUDWXUHV UHODWHG IRU
H[DPSOH WR WKH QHHG WR FRPEDW LQIHFWLRQ WKURXJK
EHKDYLRUDO IHYHU %RRUVWHLQ DQG (ZDOG  RU
WKH QHHG WR FRQVHUYH ZDWHU 7KLUG WKH
WKHUPRUHJXODWRU\ RSWLRQV SHUFHLYHG E\ D
JUDVVKRSSHU PD\ EH GLIIHUHQW LQ WKH ILHOG
FRPSDUHG WR WKH JUDGLHQW $ JUDVVKRSSHU RQ WKH
JUDGLHQW LV IDFHG ZLWK D VPRRWK FRQWLQXXP RI
WHPSHUDWXUHV OHDGLQJ WR WKH SUHIHUUHG RSWLPXP
,Q WKH PRUH WKHUPDOO\ KHWHURJHQHRXV ILHOG
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH HQYLURQPHQW KRZHYHU D JUDVVKRSSHU DWWHPSWLQJ
WR ZDON IURP D ORFDWLRQ ZKHUH ERG\ WHPSHUDWXUH LV
QHDU RSWLPXP PD\ EH LPPHGLDWHO\ IDFHG ZLWK D
ORFDWLRQ ZKHUH LW GHYLDWHV HYHQ IDUWKHU IURP
RSWLPXP DQG PD\ EHFRPH VWUHVVIXO )RU H[DPSOH
D JUDVVKRSSHU SHUFKHG RQ D VKRUW VWHP ZKHUH 7(
  & PD\ KDYH WR WUDYHUVH D VRLO VXUIDFH ZKHUH
7(   & ZKHQ DWWHPSWLQJ WR PRYH WR D ORFDWLRQ
ZKHUH 7( LV ZLWKLQ 76(7 7KXV VWD\LQJ LQ SODFH
PD\ EH WKH EHVW RSWLRQ LQ WKH VKRUWWHUP LI WKH
JUDVVKRSSHU FDQQRW UHOLDEO\ SUHGLFW ZKHUH WKH
QHDUHVW SULPH WKHUPDO PLFURKDELWDW LV ORFDWHG RU
LV XQDEOH WR PRYH WR LW ZLWKRXW EHLQJ WKHUPDOO\
VWUHVVHG )RXUWK JUDVVKRSSHUV ZHUH REVHUYHG
RQO\ RYHU D WZRPLQXWH LQWHUYDO GXULQJ ZKLFK
WLPH WKH\ VHWWOHG LQWR SODFH DQG LQWR DSSDUHQW
WKHUPRUHJXODWRU\ SRVWXUHV DQG RULHQWDWLRQV
+RZHYHU LW LV SRVVLEOH WKDW RYHU ORQJHU LQWHUYDOV
WKH\ IXUWKHU UHILQH WKHLU EHKDYLRU WR FRPH FORVHU
WRWKHSUHIHUUHGRSWLPXP
%DVHG RQ 7( HVWLPDWHV M. sanguinipes DW RXU VLWH
KDG ERG\ WHPSHUDWXUHV DV PXFK DV & LQ
H[FHVV RI DLU WHPSHUDWXUH PHDVXUHG DW WKH H[DFW
ORFDWLRQ RI WKH JUDVVKRSSHU¶V WKRUD[ &KDSSHOO
 FRPPRQO\ IRXQG WKDW OLYH M. sanguinipes
DFKLHYHG ERG\ WHPSHUDWXUHV ±& LQ H[FHVV RI
DPELHQW ,Q D UHYLHZ RI OLWHUDWXUH &KDSSHOO DQG
:KLWPDQ  UHSRUWHG WKDW PD[LPXP
WHPSHUDWXUH GLIIHUHQFHV EHWZHHQ DLU DQG ERG\
WHPSHUDWXUHV IRU IUHHOLYLQJ JUDVVKRSSHUV UDQJHV
IURP ±& WKH KLJK YDOXH EHLQJ IRU M.
sanguinipes +RZHYHU H[DPLQDWLRQ RI WKH
PHWKRGRORJ\ XVHG LQ GLIIHUHQW VWXGLHV UHYHDOV
VRPH LQFRQVLVWHQF\ LQ ZKHUH ³DPELHQW´ RU ³DLU´
WHPSHUDWXUH ZDV PHDVXUHG UHODWLYH WR WKH SRVLWLRQ
RI WKH JUDVVKRSSHU DQG VRPH SDSHUV GR QRW VD\
H[DFWO\ ZKHUH DLU WHPSHUDWXUH ZDV PHDVXUHG
%RG\ WHPSHUDWXUH KDV VRPHWLPHV EHHQ FRPSDUHG
WR DLU WHPSHUDWXUH PHDVXUHG DW D ORFDWLRQ DZD\
IURP WKH JUDVVKRSSHU LQ D GLIIHUHQW RIWHQ FRROHU
PLFURFOLPDWH HJ DW D GLIIHUHQW KHLJKW DQG LQ WKH
VKDGH 7R DVVHVV KRZ IDU D JUDVVKRSSHU FDQ UDLVH
ERG\ WHPSHUDWXUH DERYH DLU WHPSHUDWXUH XVLQJ D
SDUWLFXODU EHKDYLRU D FRPSDULVRQ RI WKH ERG\
WHPSHUDWXUH RI D JUDVVKRSSHU EDVNLQJ RQ WKH VRLO
VXUIDFH WR DLU WHPSHUDWXUH RQH PHWHU DERYH WKH
JURXQG LQ WKH VKDGH LV QRW DV UHOHYDQW DV D
FRPSDULVRQ WR DLU WHPSHUDWXUH DW WKH
JUDVVKRSSHU¶V H[DFW ORFDWLRQ RXU DSSURDFK DQG
WKDW RI RWKHUV IRU H[DPSOH &KDSSHOO 
%HFDXVH DLU WHPSHUDWXUHV GHFOLQH UDSLGO\ LQ WKH
ILUVW  FP DERYH WKH VRLO VXUIDFH PHDVXULQJ DLU
WHPSHUDWXUH DW VRPH FRQVWDQW KHLJKW ZHOO DERYH
ZKHUH JUDVVKRSSHUV DUH ORFDWHG FDQ OHDG WR
RYHUHVWLPDWHV LQ WKH WHPSHUDWXUH H[FHVVHV
DIIRUGHGE\EHKDYLRUDOWDFWLFV
$OWKRXJK M. sanguinipes KDV WKH RSWLRQ WR UDLVH
ERG\ WHPSHUDWXUH HDUO\ LQ WKH GD\ DQG DWWDLQ
SUHIHUUHG WHPSHUDWXUHV ODWHU WKHUPRUHJXODWLRQ
PD\ FRPH DW D FRVW -HFK  UHSRUWHG WKDW VL[
VSHFLHV RI JUDVVKRSSHUV VSHQW ± RI WKHLU
WLPH IURP ³GD\EUHDN WR GXVN´ EDVNLQJ EXW MXVW
± IHHGLQJ $ VWDWLRQDU\ EDVNLQJ JUDVVKRSSHU
RU RQH WKDW FOLPEV D JUDVV VWHP WR LQFUHDVH
FRQYHFWLYH KHDW ORVV LV OLPLWHG LQ LWV DELOLW\ WR
ORFDWH IRRG RU PDWHV DQG PD\ EH PRUH YXOQHUDEOH
WR SUHGDWRUV +RZHYHU M. sanguinipes GR KDYH
VRPH RSWLRQV WR DYRLG VWUHVVIXO KLJK WHPSHUDWXUHV
ZKLOH VWLOO UHPDLQLQJ DFWLYH IRU VKRUW SHULRGV )RU
H[DPSOH ZKLOH VFDYHQJLQJ OLYHVWRFN GXQJ M.
sanguinipes VDW DQG IHG ZLWKLQ VKDGH RI FDYLWLHV LQ
WKH GXQJ ZKHUH 7( DYHUDJHG & EHORZ
ORFDWLRQV RQ QHDUE\ EDUH LQVRODWHG VRLO VXUIDFHV
2¶1HLOO  6LPLODUO\ ZKLOH VFDYHQJLQJ WKH
GHDG ERGLHV RI RWKHU JUDVVKRSSHUV ZKHQ 76
H[FHHGHG & M. sanguinipes FRPPRQO\ IHG
ZKLOH VWDQGLQJ LQ D VWLOWHG SRVWXUH DWRS WKH
FDGDYHU RU DIWHU GUDJJLQJ WKH FDGDYHU XS RQWR D
SODQW VWHP 2¶1HLOO HW DO  VWLOWLQJ UHVXOWV LQ
D VLJQLILFDQW UHGXFWLRQ LQ ERG\ WHPSHUDWXUHV
UHODWLYH WR JUDVVKRSSHUV LQ QRUPDO RU FURXFKHG
SRVWXUHV&KDSSHOO 2¶1HLOOHWDO
:LWKLQ D ILHOG JUDVVKRSSHU VSHFLHV PD\ EH
XQHYHQO\ GLVWULEXWHG DPRQJ GLIIHUHQW
PLFURKDELWDWV .HPS HW DO  7KRXJK OLNHO\
OLQNHG WR YDULDWLRQ LQ IRRG SODQW SUHIHUHQFHV WKLV
FRXOG DOVR EH UHODWHG WR YDULDWLRQ LQ WKHUPDO
HQYLURQPHQWV DPRQJ SDWFKHV DQG WR YDULDWLRQ LQ
WKHUPRUHJXODWRU\ VWUDWHJLHV DPRQJ VSHFLHV )RU
H[DPSOH RQ VKRUWJUDVV SUDLULH Psoloessa
delicatula RFFXSLHV RSHQ YHJHWDWLRQ DQG H[KLELWV
EHKDYLRUV VLPLODU WR WKRVH RI M. sanguinipes.
Eritettix simplex, LQ FRQWUDVW LV UHVWULFWHG WR
GHQVH YHJHWDWLRQ ZLWK JUHDWHU VKDGLQJ DQG KDV D
PRUH OLPLWHG UHSHUWRLUH RI WKHUPRUHJXODWRU\
VWUDWHJLHV LWV JUHDWHU VXVFHSWLELOLW\ WR GHVLFFDWLRQ
DSSDUHQWO\ SUHFOXGHV LWV H[SORLWDWLRQ RI RSHQ
KDELWDWV $QGHUVRQ HW DO  &R[ZHOO DQG %RFN
 IRXQG Aeropedellus clavatus PRUH
DEXQGDQW RQ HDVWIDFLQJ VORSHV ZKHUH LW DFKLHYHG
KLJKHU ERG\ WHPSHUDWXUHV DQG KLJKHU JURZWK
UDWHV 'LIIHUHQFHV LQ WKHUPDO WROHUDQFH DQG
WKHUPRUHJXODWRU\ DELOLWLHV KDYH DOVR EHHQ
LPSOLFDWHG LQ WKH GLIIHUHQFHV LQ WKH GLVWULEXWLRQ RI
IRXU JUDVVKRSSHU VSHFLHV DPRQJ VLWHV ZLWK
GLIIHUHQW YHJHWDWLRQ KHLJKWV LQ *UHDW %ULWDLQ
:LOORWW  7RJHWKHU WKHVH UHVXOWV VXJJHVW WKDW
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH WKH SK\VLFDO VWUXFWXUH RI YHJHWDWLRQ LQWHUDFWV ZLWK
WKH WKHUPRUHJXODWRU\ EHKDYLRUV RI JUDVVKRSSHUV
WR GHWHUPLQH WKH SRWHQWLDO UDQJH RI ERG\
WHPSHUDWXUHV DFKLHYHG DQG SHUKDSV WR LQIOXHQFH
GLVWULEXWLRQ RI VSHFLHV ZLWKLQ D ODQGVFDSH M.
sanguinipes LV RQH RI WKH PRVW ZLGHO\ GLVWULEXWHG
JUDVVKRSSHUV LQ 1RUWK $PHULFD &DSLQHUD HW DO
 DV ZHOO DV DFURVV GLIIHUHQW YHJHWDWLRQ
FRPPXQLWLHV DQG HOHYDWLRQV LQ RXU DUHD .HPS HW
DO  :DFKWHU HW DO  6DPLHW] HW DO
 FROOHFWHG M. sanguinipes IURP DOWLWXGHV DV
KLJK DV  P LQ &DOLIRUQLD DQG IRXQG WKDW M.
sanguinipes IURP WKH KLJKHVW DOWLWXGHV H[KLELWHG
WKH JUHDWHVW WHQGHQF\ WR XVH EHKDYLRU WR HOHYDWH
ERG\ WHPSHUDWXUH SUREDEO\ DV D PHDQV RI
DFFHOHUDWLQJ GHYHORSPHQW LQ FRRO HQYLURQPHQWV
ZLWKVKRUWJURZLQJVHDVRQV
$W WKH VLWHV XVHG LQ WKLV VWXG\ FRPSDULVRQ RI 7(
RI ³EDVNLQJ´ PRGHOV LQ JUD]HG DQG XQJUD]HG SORWV
VXJJHVWV WKDW EDUH XQVKDGHG VRLO LQ WKH JUD]HG
SORWV SURYLGHG VXSHULRU EDVNLQJ VLWHV GXULQJ
FRROHU WLPHV RI GD\ ZKLOH EHLQJ OHVV VWUHVVIXO
GXULQJ KRWWHU WLPHV RI GD\ 7KH ODWWHU PD\ EH GXH
WR JUHDWHU ZLQG VSHHGV QHDU WKH VRLO VXUIDFH LQ
VKRUW VSDUVH JUD]HG YHJHWDWLRQ FRPSDUHG WR
XQJUD]HG SORWV 2¶1HLOO HW DO  $ VLPLODU
FRPSDULVRQ IRU PRGHOV ³SHUFKHG´ KDOIZD\ XS WKH
WDOOHVW VWHP DW D VDPSOLQJ SRLQW UHYHDOHG QR
GLIIHUHQFHV HLWKHU HDUO\ RU ODWH LQ WKH GD\
$OWKRXJK WKH JUD]HG SORWV WHQGHG WR KDYH KLJKHU
WHPSHUDWXUHV QHDU WKH VRLO VXUIDFH ZLQGV VSHHGV
DQG WKHUHIRUH WKH SRWHQWLDO IRU FRQYHFWLYH KHDW
ORVV ZHUH DOVR KLJKHU LQ WKH FDQRS\ 'HVSLWH WKLV
M. sanguinipes WHQGHG WR EH PRUH DEXQGDQW RQ
XQJUD]HG SORWV DW WKH VLWH 2¶1HLOO HW DO  VR
SHUKDSV DQ\ WKHUPRUHJXODWRU\ DGYDQWDJHV ZHUH
RIIVHW E\ WKH JUHDWHU TXDOLW\ RU TXDQWLW\ RI IRRG
DYDLODEOHLQXQJUD]HGKDELWDW
7KH UHVXOWV SUHVHQWHG KHUH UHILQH RXU NQRZOHGJH
RI WKH EHKDYLRUDO UHVSRQVHV RI M. sanguinipes
DFURVV FKDQJLQJ WHPSHUDWXUHV ZKLFK GHSHQGLQJ
RQ WKH WLPH RI GD\ DUH HIIHFWLYH LQ DOORZLQJ WKH
JUDVVKRSSHUV WR DSSURDFK RU DWWDLQ SUHIHUUHG ERG\
WHPSHUDWXUHV DQG DYRLG RYHUKHDWLQJ 7KH UHVXOWV
FRQILUP WKRVH RI RWKHU VWXGLHV VXJJHVWLQJ WKDW WKH
DELOLW\ RI WKH JUDVVKRSSHUV WR PRGLI\ WKHLU ERG\
WHPSHUDWXUHV LV FRQVWUDLQHG E\ WKH SK\VLFDO
VWUXFWXUH RI YHJHWDWLRQ LQ WKHLU KDELWDWV )LQDOO\
WKH DSSURDFK WDNHQ LOOXVWUDWHV WKH DGYDQWDJH RI
DVVHVVLQJ EHKDYLRU LQ WKH ILHOG LQ UHODWLRQ WR
SUHIHUUHG ERG\ WHPSHUDWXUHV GHWHUPLQHG LQ D
VLPSOH ODERUDWRU\ HQYLURQPHQW +HUW] HW DO 
DQG WR DLU WHPSHUDWXUHV PHDVXUHG DW D ORFDWLRQ LQ
WKH HQYLURQPHQW ZKHUH HDFK JUDVVKRSSHU LV
HYDOXDWLQJDPELHQWFRQGLWLRQV
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